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AMad-Pho@cycbaddition ructioas of 3phcoyL12-knzisotk to alkenes yield derivatives of t&dibydro- 
I.4-beluolhhzrpioc in one s&p ructioas. TIE pbofoaddiitia~ UC both r&o rDd rtcmnpeciric. 

P&~y~di~n reactions of fused heterocycks have 
been of interest for many year~.‘~ Thus we have rcpor- 
ted that [Z+Z]a pbot~foccsscs of beflz@)thiophcm 
and alkynes give both u13ftMooood and rearranged ad- 
ducts (I), the latter arisiqsl from the former by direct 
excitation through a charge transfer bomf of the unrcar- 
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ranged adduct. lf* We have rlso reported that the 
products from benzdMfurans and alkynes derive from 
more extensive and deep seated rearrangements,’ (2). 

Moles and alkynes give adducts which do not rcpRBIIpe 
photocbemically, but which y thermally to bes 
nucpines aml under d cmditiona .‘, (3). 
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Based on tlusc observations it occurred to us that 

(or theii atomic isomer!6 might provide diict synthetic 
entry to the phamlacobgicalty active benz.Odiazepines 
and potentially active analogs in the knzoxazepine and 
benzothiazepine” series (4). Recent studics’*‘o have been 

directed toward this goal, with some specific success’.‘. 
Herein we report photocycloadditions of benzisothiazole 
and its derivatives. 

EPhenyf-Ubenzisot 0). when irradiated in the 
presence of dkcm ge% 2M.hydro-l,4-ben7.otbiur- 
pines (II, III, Iv and VI in oood yield t7&86%). The 
irradiation was performed in Pyrex tubes with a 450 W. 
medium-pressure mercury lamp at cu. 15°C or in Rayonet 
reactor at Monm after the reaction mixture had been 
purged with nitrogen or dcpssed using several freeze- 
thaw cycks. 
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I with ethyl vinyl elher gave only one photoproduct. 
That this produc1 was no1 a thermal product was indicated 
sincenobenzothiazepinewasformedwhenlandethylvinyl 
ether were allowed IO stand in the dark under the same 
conditions as was the mixture irradiated. Even IWO days 
reflux in ethyl vinyl ether gave no detectable amount of 
the cycbadduct later identiAed as II. 

Structures of Ihe photoproducts were determined by 
spectroscopic and chemical evidence and the slruclure of 
adduct Ha was confirmed by X-ray analysis. 

The ‘H NMR specIrum of the photoadduct II is 
characterized by a one proton doubkr of doubkts 
(on C-3) centered a1 6 4.50; a four proton multiple1 
a1 6 3.204.05 (IWO protons on C-2 and CH, of Et 

group) and a three proton !riplet at 6 1.24 (CH, of Et 
group). The doublet of doublets at 6 4.50 has both a 
small coupling constant (J = 4.8 Hz) and a large one 
(J = 10.4 Hz) resulting from coupling with cir- and Irons- 
protons on C-2, respectively. This is in good agreement 
with the vicinal coupling constant of cycloadduct III 
(J = 4 Hz). 111 being obtained from photoreaction with 
cis-2buIene. as well as with the vicinal coupling con- 
slant of cycloadduct IV (J = 10.5 Hz), obtained from 
reaction I with Irons-2buIene. We can generalize thaw in 
2,3dihydro-I.4bentothiazepines the cis-vicinal coupling 
constant is 4-5 Hz and Irons-vkinal coupling i&l I Hz. 
The regiospecific formation of 2.3 - dihydro - 3 - elhoxy - 
5 - phenyl - I.4 - benzothiazepine from ethyl vinyl ether 

Fii. I. X-ray crysrrl stn~lure of 23dihyQo-3+Iboxy-S-~beayl-l.~~~~ Ok). 
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2$-Dihydro-l.dbenzothiazcpiMs show a very weak 
molecular ion and the base peak corresponds IO the mass 
of the starling 3-phenyl-l2benzisothiazoles in the mass 
spectrum. 

The photoaddition of alkenes IO 3 - phenyl - I.2 - 
benzisothiazole is formally -2 + ,2 addition. As we have 
seen from the described results it is regiospecific with 
respect IO the direction of the addition of the ethyl vinyl 
ether and stereospecific with respect IO the reaction with 
cis- and rrans-2-butcne. The reaction appears not IO be a 
triplet reaction since it is not sensitized by either ben- 
zophenone (ET = 69 kcallmolel or thioxanthone (E, = 
59 kcallmok). The triplet energy of 3-phenyl-I .2&n- 
zisothiazole, measured from its phosphorescence spec- 
trum in frozen ethanol glass, was found to be 
55 kcallmole. 

A series of several mechanisms are possible lo CXPhin 
these results. Both charge transfer and radical inter- 
mediates are conceivable. These several alternatives are 
outlined in Scheme 2. 

One might rationalize that the reaction proceeds via 
homolytic cleavage of the S-N bond and formation of 
the biradical VIII. This appeared IO be a most logical 
mechanism in view of the reported photo ring opening of 
12-benzoisothiaaok” IO Zcyanothiophenol as well as 
Ihe formation, from 1,2benzisothiazolc and dimethyl 
acctykncdicarboxylate. of linear adductse The I& 
biradical VIII. though it could explain the formation of 
adduct II. does not account for the stereospecific for- 
mation of adducts 111 and IV since it would have IO be 
assumed that reaction of VIII with cis- and trons-2- 
butene be concerted. 

The same argument pertains if an adduct biradical, 
such as IX”, is the intermediate. Unless IX undergoes 
ring closure at a rate significantly faster than rotation 
about the -CHCH,-CHCH, bond. products would not be 
formed stereospecifically. 

Other possibilities include a concerted (2 t 2ln cyclo- 
addition to the S-N bond. producing adduct X. If adduct 
X was produced stereospecifically. and ring opened 

stereospecifically. the observed products would be 
explained. 

Additional information about the mechanism of the 
photocycloaddition is obtained by investigating the reac- 
tion in different solvents. The formation of the photo- 
cycloadduct IIa is solvent dependent (Fig. 3). When the 
irradiation of 3-phenyl-1.2~bentisothiazolc (I) and ethyl 
vinyl ether was carried OUI in different solvents under 
comparable conditions the efficiency of adduct formation 
is increased in the more polar solvent, acetonitrik. This 
rules out concerted cycloadditions since no charge 
separation would derive in these reactions in approach- 
ing the transition state. 

Among the okfins 2.3dimethyL2butene. cis-2-butene 
and rr~n~-2-bu1ene. the photoadducts are formed much 
faster from the hindered oletin 23dimethyL2-butene 
than from either of the less hindered ones cir-tbutene 
or trons-2-butene. In view of the fact that 2.3dimethyL2- 
bute,,e has a substantially lower ionization potential than 
either cis or 1rans-2-b411ene,” this implies that ionization 
of the oktin occurs prior to the rate limiting step. Cou- 
pled with the observed acceleration in polar-as con- 
trasted to non-polar-solvents still another mechanism is 
suggested that being first formation of a solvent sensitive 
exciokx” which may dissociate IO a radical cation/anion 
pair: This mechanism is outlined in Scheme 3. As is the 

Fii 3. Formation of the photocycbadduct Ila in dille~~t 
sotvents: (al ethyl vinyi ether. (bl Kctonibac. (c) benzene. (4 
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The experimenr with fmnr-t-buttoc was carried out witb 1& 
same quantities ad conditions of irradiation. Only 33% of IVc 
was found by GC analysis &LX& it was 0~ isohtcd. la the 
NMR spectrum, tbe product IVc (in tbt mixture vitb the startio~ 
mrtcfid) shows the followiug cbaracrristk sirplrlt fd CDCI,): 
3.57 fdq. IH, J = 6.7 and 10.75 Hz), 2.93 (dq, IH, J = 6.0 and 
)0.75Hr), 1.42 (d. 3H, CH, J =6.0Hz), 1.38 (d. 3, CH,, J = 
6.7 Hz). 

hdiarios of 3-phfi3yl-12-bmrirotbiazo& i(r) ir! the pftxacc 
of 2.3.din&l-2-bafene. To 344m0 (1.63 m mol) of la. 7 ml 2.3. 
dime&+2-butenc was added. dcgassed by frcexe thaw cyckt 
and tbc mixture irradiated in a s&d Pyrex tubr with me&m 
pressure mercury lamp aI about l(P for IlOhr. Tbc mixture 
shows by CC aaolysis 94% conversion. Purifkatioa was per- 
formed on sibca gel column with hcxan/&r mixture as clucat, 
and 366.Smg f16.296) of V was isolated as a coblkss 03, 
‘H NMR (6, CDCI,) 6.98-7.64 (m. 9H. aromatic), I.48 fs, 6H, 
XIH,). I.11 (s. 6H. 2CH,): IR (nut) 162Ocm- (C-N); mass 
spectrum as/r 295 W. 1%). 239 MU), 223 f37), 212 ftnsc pea&. 

&ccl and Jeruitilrd pAo!OrWc?ioar of Iphtnyf.1 &bur* 
zirottirok (la) in r&y/ oinyI nher. Ja ClOmr, in clbyi vinyl 
elhcr (0.012 W) was irradiated with 366 run light (oawd from a 
utedium_prcssure mercury lamp using Cornis~ filters O-52 and 
7-W. in Ibe prcscencc and abscact of Mmg xantlKmc. Gc 
ardysh irIdded rm sdtiza!ioa. 

Rem&~ k Qurk Compound la, (20 m() was dissolved in 5 ml 
elbyi viayl ctbcr and relluxed for 2 days. Tbs ether was 
tvaponttd and no knzotbiazepinc was dcl#llad by NUR. 

!ioIMnr &cr oo proifuci fomlh in f&t phdonorlior oj 
3-phmyfr-1Nwwi30rhiumk (Ia) wifL crhyi uiwjt &.a Elhyl 
vinyl ether (0.5 ml) was added to tire O&MM sola of k in ethyl 
viny) ether. acctonitrik, benzene or hexanc. The sampks were 
dcga~.I by freeze thaw cycks and irradiated in the sukd 
Pyrex tr&xs. After I hf irradiation 51% Of lla was ObcliDnf in 
ethyl vinyl cthm as a solvea while lhe yield in acetolutrik was 
16% and in banxene and btxanc 11% and 13%. nspestivdy. The 
rate of reaction was followed by NWR. Tbc amooat of poduct 
forahn at wiom time is plotted @ii 3). 

X-ROY oaofyrir of 118. Tbc unit cell Lxnluin, two indqendcat 
adecuks of I (two mokcuks which are oat rclakd by crystrl- 
Lographic symmetry). The conformaliolts of c two indcpcodcar 
mokcuks arc essentially lb same (compare the to&a angks in 
Tabk 3). 

The cryslak were monochnic, space group P2,lo. with a- 
)8-27X4), b= )0.%5(2), c - 16.7W4) A, 8 - )10.82(l)‘, and 
dW = l.t48hcm- for 2 - 8 (C,,H,,NOS, M = 283.39). The in. 
tensiry dam were measured on a Hi&r-Wmts di&actomctcr RJi 
Rltcrcd Cu Ku radiation, e-28 scans. puke bc$ht dii- 
crimi&on). A crystal mcasurin, approximately O.IJxO.ltx 
0.7 mm vu oscd for &la collection; tbc data were corrected for 
absorption (A - 16.Ocm“). A total of 4067 nUe&ns were 
mcssurtdford57’.of which3667wcrc considcrcdtobcobscwcd[I 
2JofI)1.Tbcslruftunwptlcolvtdbyamuhipk~npr~urc~Dlld 
was refined by full-matrix least squares. la the 6011 refinement 
anisotropic thermal paramclers were used for tht heavier atoms and 
isotropic temperature factors were used for the H atoms. Tbc 
hydrogen atoms were included in the SWWM factor calculations 
buttbcirplnmetcnwerraotrcfiaed.T&6Nfdbcnprncy~ 
arcR =O.OUandwR -0.OUfortlx3667obscrvcdrt8cctmns.Tbt 
OnaldiRerencrmaphasnopcahs~tcrUsan ~0.2~ A ‘.Tabks l-3 
summarize the various bond an&es, bond kit& and some 
important torsional art&s. 

HydroIysis of rlu ph4topmdwa. 23 - mydnl - 3 - uhoxy - 
5 - phyf - IA . barohi~upint (IhI (5 rn& was urnted with 
5mJ 3N HCl at room temp. After neutnliz&n with Na$I& 
araf cxtractmrl with elher the SIarting material (Ha) was r@& 

usual work up procedure (uautrahxatmn, extraction with cthar) a 
product ideaticrl to Ibr authentic VI!’ was irrlakd. 

HydnuNoJortlc W/t 01 v. coulpolKd v (2s at& wu diadvod 
in CC& rod the HQ ps was latroduced. immcdiucly aftcs tbc 
introduction of HCl gas ok yellow hydrochloride salt prc- 

Tabk I. Bond kngths (A) in with slrndud dtviatioas ia ~arcr+ 
tbescs 

s - C(2) 1.810(Z) 
s +x10) 

XL)- cc 
i3 

) 
;m;; 

O(lbC(1 1 1:422(j) 
N(4)- c(3) 
N(4)- c(5) %fl’ 
C(2)- C(3) 1.521(3) 
C(%C(ll) 
xsC(l2) 
C(6)- c(7) 
C(6kx11) 
C(7)- c(8) 
c(E)- ct9) l.jBl(~l 
C(9f-c(lOf 

C(lObC(11) 3:; 
cc 12)-c( 13) 
C(l2M1171 

1:394c31 
1.384(Y) 

C(l3bCfl41 
a 14f-a 15) 
C(l5M(l6) 
c(16bc(17) 
c(18)-c(19) 

l.sol(2) 
1.771(2) 
1.41?(2) 
l.42a3) 
l.S4f2) 
1.276(3) 
l.519(3) 

l.3?3(41 
;.g;‘,;; 

1:38?(3) 
1.38313) 

C(2)- s 4x10) 
C(3)- oW-ar8) 
C(3)- N(4)- C(5) 

s - C(2)- C(3) 
O(l)- C(3)- H(4) 
O(l)- C(3)- C(2) 
N(4)- C(3)- C(2) 
N(4)- Ct5b’Xll) 
K(4:- Cf5!-cfl2) 

C(ll)- Cc3Lc(l2) 
Cc?)- C(~)-C( 11) 
C(6)- C(7)- c(8) 
C(7)- Cvs- C(9) 
c:8)- c(9!-~(10) 

s -alO)- C(9) 
s -C(lO!-C(ll) 

c(9bC(lobC(l:, 
:tsbC(?lf- c;6) 
c:sbC(lll-C(lo) 
c(6bC(11b~(1c) 
C(S:-C(l2PZ:(l3) 
Ct5bC(12)~(1?1 

C~13:-C~u)-c(1?) 
c(12bC(131-C(:4) 
C(l3bC(l4)X(W 
C(l~)-C(:5bC(16) 
c(:51-C(16w(l?) 
C(12bCtl?)-C(16) 
O(l:-C(19bC(19) 

uo.7izj 
ll9.6(3) 
;gw; 

120:1(l) 
1x1.3(2) 
119.6(2) 
120,4(l) 
uO.3(21 
119.3(2) 
119.8(2) 
121.4(2) 
118.?(2) 
12O.ct2) 
120.5(2) 
i;g.;w; 

xrr2, 
109.Ot2) 

102.6(i) 
113.4(2) 

::E:; 
;p:) 

ll3:5(2) 
124.8f2) 
116.9(21 
l&3(2) 
121.0(2) 
120.1(2) 
zO.2(2) 
123.512) 
li8.8(1) 
i?l.O(Z) 
120.012) 
130.1(2) 
l2?.7(2) 
118.2(2) 
:19.3(2) 
121.4(2) 
119.2(2) 
120.5(Z) 
yo.O(Z) 
1x).2(2) 
i20.1(2) 
x9.9(2) 
lO8.3(2) 

C(lOo)- s - C(2)- C(3) 
3 -C(2)- C(3)- N(4) 

-33.3(2) 

C(2)- CO)- R(4)- C(5) 
C(3)- N(4)- WMX11) 

-5p; 

N(4)- W)-c(lll-c(lo) 
-l:?(3) 

c(5bC(llbC(lo)- s 
C(llbC(lOb s - C(2) 

w:,’ 
6?:3(2, 

s - cm- C(3)- O(l) 
C(2)- C(3)- 0(1,-c(18) 
C(3)- O(l)-cw3)-C(l9) 

C(3)- N(4)- C15)-C(12) 
N(4)- C(!+Cf12bC(13) 

-l?O.?fl) -170.?(l) 
-1?2.6(2) dpf] 

1?3.4(2) . 

177.112) 1?2.5(2) 
-24.1(3) -36.8(3) 
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cipirrted in qumntitntivc yield. m.p. 238”; ‘H NMR (6. CDCl,) 
7.14.0 (m. 9. nroma~ic). 1.66 (I. 3. CH,). 1.52 (s. 3. CH,). 1.49 (s. 
6H. 2CH,J. 

ff#&~ir o/ V. When V (5 mlJ wxs rcduxed in 5 ml 3N HCl 
for 3 days rod the mixture worked up in Ihe usual manner. x 
producl wu isohled which. bnsed on speclrnl &lx. wls irknt&d 
LT VII. IR (ntrt) 3370 nad 33lOcm- fNHxJ.1670an-’ fCaJ; ‘H 
NMR (6. CD&). 7.s7.8 fm. 9. aromrtic), 1.17 xnd I.10 (2s. l2H. 
ICH,). I.41 (s. 2H. NH*). 
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